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1
Introduction
In RAN1#70bis meeting, soft buffer issues for CC specific TDD configuration were discussed, and a working assumption agreed that in CC specific TDD configuration, MDL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell DL-reference UL/DL configuration, for both rate matching procedure and the operation of stored soft channel bits.
The remaining issue is calculation of storing soft channel bits where two alternatives were discussed, which are [1]
· Alt1: Working assumption is that the operation of storing soft channel bits in TS 36.213 is kept unchanged except the following:

· MDL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell
· Alt 2: Working assumption is that in TS 36.213, the Rel-10 behavior of UE storing soft channel bits applies except the following equation is used, and where MDL_HARQ_i is given by the DL-reference configuration of that carrier
· 
[image: image1]
In the following, two alternatives above are discussed and analysed, and a proposal is provided.
2
Discussions
According to the agreement, that MDL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell, the maximum DL HARQ process number for serving cells with self-scheduling case and cross-carrier scheduling case is summarized as below:

Table 1 Maximum DL HARQ process number limited by M_limit for Self-scheduling case
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0 4 7 8 8 8 8

1 7 7 8 8 8 8

2 8 8 8 8 8 8

3 8 8 8 8 8 8

4 8 8 8 8 8 8

5 8 8 8 8 8 8

6 6 7 8 8 8 8

Case A Case B Case C

Notes: The number in the grid is the DL HARQ process number according to different alternatives in page 1 Alt2: using ref. number with M_limit
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Table 2 maximum DL HARQ process number limited by M_limit for Cross-carrier scheduling case
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0 4 7 8 8 8 8

1 4 7 8 8 8 8

2 4 7 8 8 8 8

3 4 7 8 8 8 8

4 4 7 8 8 8 8

5 4 7 8 8 8 8

6 4 7 8 8 8 8

Case A Case B Case C
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Notes: The number in the grid is the DL HARQ process number according to different alternatives in page 1 Alt2: using ref. number with M_limit
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2.1 

Reusing Rel-10 equation for storing soft channel bits
The main difference between the two alternatives is how the number of stored soft channel bits is calculated. In Alt1, the Rel-10 equation [2] is reused for storing soft channel bits
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Here, UE soft buffer size 
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, so that the UE soft buffer is equally divided between the serving cells. Then 
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is further divided by 
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 which means that for a specific serving cell, the UE soft buffer is further equally divided between the number of DL HARQ processes for the DL reference configuration of the serving cell. The UE soft buffer size for each DL HARQ process in one serving cell is then the same.
However, when 
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is different for the different serving cells, the UE soft buffer size per DL HARQ process is also different between serving cells. For example, when Pcell is configured with TDD configuration 0 and Scell is configured with TDD configuration 2, assuming self-scheduling is configured, then, according to the table 1, the number of DL HARQ processes for Pcell and Scell is 4 and 8 respectively. Using equation (1), the calculated number of stored soft channel bits per DL HARQ process in Scell will be half the number of stored soft channel bits per DL HARQ process in Pcell. 
Taking a category 4 UE as an example, the total number of soft channel bits and maximum number of bits of a SCH transport block received within a TTI is defined in [3] as
Table 3 UE capability definition for category 4

	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 4
	150752
	75376
	1827072
	2


Assuming the UE is configured with SIMO, two serving cells with TDD configuration 0 in Pcell and TDD configuration 2 in Scell, then based on the equation (1) 
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 for Pcell and Scell is 4 and 8 respectively. Ignoring the impact of 
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, take the encoding into consideration, the required soft channel bits for each DL HARQ process is as summarized in the below
Table 4 Memory utilization for Pcell and Scell by equation (1)

	
	Configured TDD UL-DL configuration
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 used in the equation
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI after encoding
	Total number of soft channel bits
	Least number of soft channel bits per DL HARQ process by equation (1)
	Relative memory utilization

	Pcell
	0
	4
	75376
	226128
	1827072
	228384
	99.5%

	Scell
	2
	8
	75376
	226128
	1827072
	114192
	198%


From the above table we can see equation (1) results in unbalanced soft channel bits per DL HARQ process in Pcell and Scell. 
· Firstly, this is different to the principle in Rel-10, that each DL HARQ process will have the same number of stored soft channel bits independent of the number of DL HARQ processes on Pcell or Scell, allowing soft buffer pooling between Pcell and Scells. 
· Secondly, this result in very unbalanced DL transmission capability per DL HARQ process on Pcell and Scell, i.e. a DL HARQ process in Scell can only achieve half or part of the throughput of a DL HARQ process in Pcell, only due to the soft buffer size limitation. No matter which TDD configuration is configured for Scell, using equation (1), always half of the UE’s total soft buffer is allocated, meaning that the Pcell and Scell will have the same DL peak data rate, no matter of the number of DL HARQ processes on the Scell. This is maybe not so suitable for some CA scenarios, e.g. CA scenario 4 (RRH scenario), where the eNB may want to schedule more data in the RRH cell, saving power for both eNB and UE.
2.2 

Using updated equation for storing soft channel bits

Alt2 has the updated equation, 
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(2)
Here, the number of stored soft bits per DL HARQ process will be the same in Pcell and Scell. This solution overcomes the disadvantages of Alt1 and aligns with the Rel-10 principle that every DL HARQ process has the same number of stored soft channel bits and soft buffer pooling between different serving cells is possible. Besides, if Scell has more DL HARQ processes, the part of the UE’s soft buffer that is allocated to the Scell will be larger and the Scell may achieve a larger DL peak data rate than Pcell. This aligns with the motivation that eNB configures a Scell with a TDD UL/DL configuration with more DL HARQ processes, to schedule more DL data in the Scell.
Similarly as for Alt1, assuming that the UE is configured with SIMO, two serving cells with TDD configuration 0 in Pcell and TDD configuration 2 in Scell, based on the equation (2) 
[image: image15.wmf]DL_HARQ

M

 for both Pcell and Scell is 12. Ignoring the impact of 
[image: image16.wmf]cb

N

and
[image: image17.wmf]C

, and taking the encoding into consideration, the required soft channel bits for each DL HARQ process is as summarized in the below
Table 5 Memory utilization for Pcell and Scell by equation (2)

	
	Configured TDD UL-DL configuration
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 used in the equation
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI after encoding
	Total number of soft channel bits
	Least number of soft channel bits per DL HARQ process by equation (2)
	Relative memory utilization

	Pcell
	0
	12
	75376
	226128
	1827072
	152256
	148.5%

	Scell
	2
	12
	75376
	226128
	1827072
	152256
	148.5%


From the table we see the soft buffer size per DL HARQ process in Pcell is decreased. This has no impact on UE total peak data rate since the total UE soft buffer size is not changed, but just has different allocation to Pcell and Scell. When the Scell has more DL HARQ processes, Scell can have larger peak data rate. 
The disadvantage of this solution is that when the Scell is reconfigured with a different number of DL HARQ processes, the Pcell soft buffer size is changed as well and on-going DL transmission maybe impacted. However, this problem already exists in Rel-10 when the Scell is initially configured. Besides, from Table 1and Table 2, the number of cases where the Scell reconfiguration leads to a different number of DL HARQ processes is not large. Finally, the Scell reconfiguration does not happen that frequently, making this disadvantage not severe.
Based on the discussions above, we have the following proposal:

Proposal 1: We slightly prefer using updated equation for UE soft buffer size calculation (Alt2).
3
Conclusions
In this paper, two alternatives for UE storing soft channel bits calculation are discussed and we have the following proposal
Proposal 1: We slightly prefer using updated equation for UE soft buffer size calculation (Alt2):
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